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UPDATE ON SMILE

Current Status of SMILE

This intrastromal form of keratomileusis is the 3™ generation in

refractive surgery techniques.

BY DAN Z. REINSTEIN, MD, MA(CANTAB), FRCSC, DABO, FRCOPHTH, FEBO

ver since femtosecond lasers were introduced into

refractive surgery, the ultimate goal has been to create

an intrastromal lenticule that can be removed manually
in one piece, thereby circumventing the need for incremen-
tal photoablation by an excimer laser. Early studies with
picosecond’ and femtosecond lasers? did not culminate in
actual clinical trials; however, following the introduction
of the VisuMax femtosecond laser (Carl Zeiss Meditec) in
2007, the intrastromal lenticule method was reintroduced
in a procedure called fermtosecond lenticule extraction
(ReLEx FLEX). This procedure involved lifting a flap to allow
the removal of the lenticule.*®

Given the success of ReLEx FLEX, the procedure evolved

into its current small-incision, flapless form, which is known
as ReL Ex SMILE. This technique involves creating one or
two small incisions (Figure 1) through which the lenticule

is applied to the peripheral cornea, not the conjunctiva and
sclera. This further minimizes corneal distortion and allows
immobilization of the cornea using a low suction force.

Element No. 3. Each treatment is individually calibrated
based on the detection of individual tolerances of the con-
tact glass, when attached to the laser device.

Element No. 4. The optical beam path is suspended on a
fulcrum with force-feedback servo control of the height of
the patient bed and headrest, thus maintaining a consistent
force onto the cornea.

Element No. 5. The beam’s high numerical aperture is
designed to deliver tight concentration of femtosecond laser
energy with low per-pulse energy load.

Element No. 6. The high pulse repetition rate (500 kHz)
minimizes treatment time.

interfaces can be separated, allowing the
lenticule to be removed without creating
a flap. The results of the first prospective
trials of SMILE have been published,” 2
and subsequent studies have shown the
visual and refractive outcomes to be
similar to LASIK.1%1

The VisuMax is currently the only
commercially available femtosecond laser
being used for intrastromal lenticular sur-
gery (SMILE). In order for accurate three-
dimensional (3-D) intrastromal cutting
to be achieved, Carl Zeiss Meditec had to
overcome several technological hurdles.
Namely, not only does the accuracy of
femtosecond 3-D pulse placement need
to be high and the pulse energy low, but
tissue distortion in the cornea must be
minimized when optically coupling to the

A WN =

Lenticule cut (underside of lenticule)
Lenticule side cut
Cap cut (concurrently upper side of lenticule)
Cap opening incision

ADVANTAGES OF SMILE

When compared with LASIK and
PRK treatments, SMILE has three dis-
tinct advantages.

Advantage No 1: More accurate
and repeatable tissue removal.
Intrastromal lenticule procedures may
have advantages over LASIK and PRK
because the potential errors associated
with excimer laser ablation such as stro-
mal dehydration,' laser fluence projec-
tion and reflection losses,’” and other
environmental factors™ are avoided.
Also, the cutting time in SMILE is always
the same, and it is independent from
the refraction. Tissue removal is defined
only by the accuracy of the femtosec-
ond laser, a device that is not affected
by any changes in environmental con-

femtosecond laser source.

DESIGN ELEMENTS

Six distinct design elements of the
VisuMax represent how the device
achieves high-precision intracorneal
lenticular cutting,

Element No. 1. The coupling contact
glass is curved in order to minimize cor-
neal distortion.

Element No. 2. The coupling suction

Figure 1. Incision geometry of the
SMILE procedure. The lenticule cut is
performed on the underside of the
lenticule (1), followed by the lenticule
sidecuts (2). The cap interface is created
on the upper side of the lenticule (3),
and finally a 2- to 3-mm small incision is
created super-temporally (4). The lenti-
cule interfaces are separated using a flap
separator and the lenticule is extracted
manually, all via the small incision.

ditions. This accuracy is demonstrated
by the 4.4-um reproducibility of cap
thickness'2" and, as a result, it is likely
that there will be less need for personal-
ized nomograms for different machines,
locations, or surgeons.

Advantage No 2: Increased biome-
chanical integrity. Two characteristics
of the SMILE treatment, the absence
of a flap and stromal tissue removal
from within the stroma, mean that
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the anterior-most stromal lamel-

tissue removal) with a 135-um cap

lae remain intact postoperatively,
except for in the region of the

small incision. In comparison, the
anterior stromal lamellae are sev-
ered during LASIK by the creation

Epithelium & Bowman's

Anterior Stroma (strongest)

Posterior Stroma (weakest)

Untreated thickness. The stromal thickness

under the lenticule was 250 pm,
but the total uncut stromal thick-
ness was 335 um, which represents
a postoperative tensile strength

of the flap and the excimer laser

of 58%. In comparison, a -10.00 D

PRK

ablation, and by the excimer laser
ablation during PRK. Because the
anterior corneal stroma is the
strongest part of the stroma,?
SMILE leaves the cornea with
greater biomechanical strength

LASIK treatment in which a 6-mm
optical zone was used with a
100-um flap left a residual stromal
thickness of 298 um, representing
a postoperative tensile strength
of 44%. The spherical aberration

Flap

Ablation

than LASIK and PRK.
Randleman et al?> measured
the tensile strength of strips of
stromal lamellae cut from dif-
ferent depths within the cornea
and found a strong negative cor-

ReLEx SMILE

induced was only 0.15 pm in the
SMILE case and 0.75 pm in the
LASIK case (Figure 3).

This example demonstrates
how we can safely use SMILE to
achieve an acceptable postopera-

ReLEx SMILE

relation between stromal depth

tive tensile strength. For this eye

and tensile strength. The anterior
40% of the central corneal stroma
was the strongest region of the
cornea, whereas the posterior 60%
was at least 50% weaker. Similar
results for the nonlinear nature of
stromal tensile strength have been
reported by Scarcelli et al* using
Brillouin microscopy.

Surgeons are accustomed to cal-
culating the residual stromal thick-
ness in LASIK as the amount of stromal tissue left under the
flap, and therefore the first instinct is to apply this rule to
SMILE. However, the actual residual stromal thickness in this
procedure should be calculated as the total uncut stroma
(ie, the stroma above and below the lenticule; Figure 2).
Given the decreasing strength of stroma with depth, a
more crucial factor than residual stromal thickness is tensile
strength. In order to consider this factor, we have devel-
oped a postoperative tensile strength calculator?® based on
Randleman’s data.?? Our model predicted that the postop-
erative tensile strength after SMILE was approximately 10%
higher than PRK and 25% higher than LASIK.

We can take advantage of this difference in postopera-
tive biomechanics to improve the optical quality of the
outcome by better controlling the induction of spherical
aberration. Our studies have shown that the same spheri-
cal aberration is induced for the spherical SMILE lenticule
profile in a 6-mm zone as is by the aspherically optimized
Laser Blended Vision ablation profile, but with less tissue
removal with the SMILE profile.?> Therefore, spherical aber-
ration control can be improved in SMILE by increasing the
optical zone, even if this means greater tissue removal, as
the postoperative tensile strength is still much higher post-
operatively. For example, in an eye with central pachymetry
of 588 um, a 7-mm zone was used to treat -10.00 D (203 pm

Figure 2. The differences in strength of the
remaining stroma after PRK, LASIK, and SMILE.
These diagrams demonstrate that the strength
of the stroma remaining after SMILE is greater
than the equivalent treatments in PRK and
LASIK. Because the Bowman layer remains intact
with SMILE, there is added strength. Also, the
two diagrams for SMILE demonstrate the even
greater strength if the lenticule is removed from
deeper within the stroma.

with pachymetry of 588 pm, we
would be able to treat -16.00 D

in a 7-mm zone, leaving 250 um

of total uncut stroma (but only
168 um under the lenticule), and

a postoperative tensile strength of
44%. The predicted spherical aber-
ration induction for this correction
would be only 0.39 pm, which is
still better than the -10.00 D LASIK.

Finally, there is also the possibil-
ity of treating thinner corneas with SMILE. For example, the
same -10.00 D correction in a 7-mm zone could be done
in a 490 um cornea, leaving 236 um total uncut stroma
(154 pm under the lenticule) and still have a postoperative
tensile strength of 53%.

In summary, the superior tensile strength provided by
preserving the stronger anterior stroma in SMILE allows larg-
er optical zones, thus improving spherical aberration control
and, hence, optical quality. This is achieved while leaving the
cornea stronger than LASIK leaves the stroma.

Advantage No 3: Reduction in postoperative dry eye.
The cornea is one of the most densely innervated peripheral
tissues in humans, with the majority of the nerve bundles
within the anterior stroma. These anterior nerves are cut by
the microkeratome or femtosecond laser in LASIK and by
the ablation in PRK, which results in dry eye symptoms.

On the other hand, the anterior stromal nerve plexus is
disrupted significantly less with SMILE since no sidecut is
created and the lenticule position is in deeper corneal lay-
ers. This should result in fewer dry eye symptoms and faster
recovery of patient comfort postoperatively. Indeed, several
studies have shown the faster recovery of corneal sensation
after SMILE ¢33 with recovery to baseline by 3 months com-
pared with 6 to 12 months after LASIK. Figure 4 shows the
average corneal sensation from the SMILE studies compared
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Figure 3. Line graph showing the mean central corneal
sensation over 12-month follow-up averaged across seven
SMILE studies and 16 LASIK studies following a review of
the peer-reviewed literature.
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Figure 4. The average corneal sensation from the author’s
SMILE study compared with 16 LASIK studies.

with 16 LASIK studies where the same Cochet-Bonnet
aesthesiometry technique was used. (For more information
on corneal sensation, please see Preserving Corneal Neural
Architecture on page 14.)

CONCLUSION
With the introduction of the VisuMax femtosecond laser
technology, it has become clinically feasible to create refrac-
tive lenticules of proper regularity with sufficient accuracy
to meet—and probably exceed—the accuracy of excimer
laser tissue ablation for corneal refractive corrections. This
allows surgeons to achieve Jose Ignacio Barraquer’s original
concept of keratomileusis through a minimally invasive
pocket incision, with maximal retention of anterior corneal
innervational and structural integity. It is the next frontier
in perfect refractive surgical techniques for patients and sur-
geons alike. m

Dan Z. Reinstein, MD, MA(Cantab), FRCSC,
DABO, FRCOphth, FEBO, practices at the London
Vision Clinic and is affiliated with the Department

of Ophthalmology, Columbia University Medical College, New
York, and the Centre Hospitalier National d’'Ophtalmologie,
Paris. Dr. Reinstein states that he is a consultant to Carl

Zeiss Meditec and has a proprietary interest in the Artemis
technology (ArcScan) and is an author of patents related to
VHF digital ultrasound administered by the Cornell Center
for Technology Enterprise and Commercialization. He may

be reached at tel: +44 207 224 1005; fax +44 207 224 1055;
e-mail: dzr@londonvisionclinic.com.
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First Experiences With SMILE

This 3'd-generation procedure is as safe and accurate as other methods of

refractive surgery.

BY THOMAS F. NEUHANN, MD

1 year ago, | have followed the development of

the lenticule extraction principle of SMILE for
much longer. | admit that, early on in the procedure’s
history, | questioned how removal of a refractive len-
ticule was a better strategy for refractive correction
than reshaping the cornea with an ablative proce-
dure—but | did see potential. Now that | have per-
formed not only the first and second generations in
laser vision correction (PRK and LASIK) but now also
the 3"d-generation SMILE procedure for myself, | have
seen more of this potential.

Initial results at the early level of development of
ReLEx were intriguing; however, it still required flap
creation (ReLEx FLEX) and, therefore, did not have
much advantage over LASIK. The procedure became
more appealing to me when the company intro-
duced SMILE, because this is the closest thing to a
purely intrastromal refractive surgery that is available
today. The biggest advantage to working intrastro-
mally to achieve a refractive correction is that the
Bowman layer remains intact, thereby maintaining
the mechanical stability of the cornea. Currently,
the SMILE treatment is used for myopia corrections;
however, other applications may be available in the
future.

Q Ithough | started performing SMILE less than

INITIAL EXPERIENCE

| started performing SMILE in November 2013 and
have treated approximately 50 patients to date (March
2014). Refractive results are astonishingly good and
exact, and even my earliest patients have achieved
visual acuities of 20/25 or better the day after surgery.
Although this is about 1 line below the average after
LASIK, ultimately vision is just as good with SMILE and it
just takes a little longer to achieve.

In my experience, once patients learn about the
biomechanical advantages of SMILE compared with
LASIK, they are willing to wait the little extra time
for visual quality to improve when openly and clearly
informed about it.

Thus far, my patients have been happy with the
results of this procedure, and they feel that their
expectations have been fulfilled. With today’s
patients, who have extremely high expectations, this
is an important aspect of the SMILE procedure.

LEARNING CURVE

Like with any new procedure, there is a learn-
ing curve with SMILE. However, as an experienced
corneal surgeon who has opened thousands of fem-
tosecond laser flaps and implanted thousands of
intracorneal ring segments, my learning curve was
quite short. Even with the first cases, these patients
did not have the slightest disadvantage or downside,
other than the procedure took a few minutes longer
because | had some difficulty achieving the second of
two lamellar dissections.

The first dissection is performed between the cap
and the top of the lenticule, and the second is per-
formed underneath the lenticule. My advice to sur-
geons just starting out with SMILE is this: Try various
instruments and practice on pig eyes until you find
which suits you the best.

Personally, | currently prefer a short, thin spatula
to open the dissection planes near the incision and
a Seibel-type spatula for the dissection of the entire
planes. | then grasp the lenticule with a pair of special-
ized forceps and pull it out.

CONCLUSION

The biggest theoretical advantage of SMILE com-
pared with LASIK is better biomechanical stability.
Although | currently have results at 6-month follow-
up only, other surgeons with longer-term follow-up
have reported less regression and dry eye disturbanc-
es.’3 Time will tell if | have similar results, but cur-
rently | am more than pleased with my patients’ initial
outcomes. m

Thomas F. Neuhann, MD, practices at
MVZ Prof. Neuhann in Munich, Germany.
Professor Neuhann states that he has no
financial interest in the product or company
mentioned. He may be reached at tel: +49
89 159 4040; fax: +49 89 159 40555; e-mail:
prof@neuhann.de.
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SMILE: My Refractive Surgery
Procedure of Choice

This procedure is the most elegant form of keratomileusis.

BY EKKTET CHANSUE, MD

performed my first LASIK procedure in 1994 using
instrumentation designed for automated lamel-

lar keratoplasty and the Aesculap-Meditec MEL

60 excimer laser (now Carl Zeiss Meditec). With

each further development of microkeratomes and
excimer lasers, LASIK became safer and more effec-
tive and accurate. Three years later, | cofounded TRSC
International LASIK Center. It was the first dedicated,
standalone refractive surgery center in Thailand. We
started small and have grown to be the highest-vol-
ume refractive surgery center in the country, and we
have performed more than 50,000 laser vision correc-
tion procedures to date.

Until 4 years ago, most of the refractive surgery proce-
dures we performed were LASIK, but we have now shifted
our procedure of choice, especially for primary myopic
cases, to SMILE performed with the ZEISS VisuMax femto-
second laser.

SMILE: A MAJOR PARADIGM SHIFT

| learned about ReLEx several years ago, but | was
not impressed by the earliest development ReLEx FLEx
because it involved lifting the flap in almost the same
fashion as LASIK. The refractive results with ReLEx
FLEx were similar to LASIK results, but visual recovery
was slower. Therefore, | did not see its potential to
make any significant difference in postoperative out-
comes.

However, in March 2009, at a core ZEISS Refractive
Faculty Meeting in Hong Kong, | had one of the most
significant moments of my professional life. During a
talk by Rupal S. Shah, MD, she played a video depict-
ing the latest advancement of the ReLEx technique—
SMILE. When she extracted the lenticule through a few
millimeters’ worth of incision, | almost fell off my chair:
| realized | was witnessing the start of a major para-
digm shift in refractive surgery. This new technique
was the most elegant implementation of Professor
Barraquer’s keratomileusis that | had ever seen, and |
decided that | needed to adopt this procedure imme-
diately.

EARLY ADOPTER OF THE PROCEDURE
My desire to transition to SMILE from LASIK was

strengthened during my visit to Dr. Shah’s practice in
Vadodara, Gujarat, India. | was completely sold on the
procedure when she showed me postoperative topog-
raphies of eyes with extremely wide areas of curvature
change (ie, large effective optical zones) in relatively
high corrections—something | almost never saw in
LASIK.

| became one of the early adopters of the SMILE pro-
cedure in 2010, as | practice in one of the study sites
that was involved in the premarket evaluation. The past
4 years have proven to me that SMILE delivers on all
of its promises; this solution is every bit as efficacious,
safe, and accurate as LASIK, with the added benefits of
increased corneal strength, great uniform corneal cur-
vature that causes almost no night vision complaints,
and fewer dry eye symptoms. Surely there have been
kinks along the way, such as the need for new instru-
ments and techniques; however, within 6 months of
adopting the new treatment, the proportion of SMILE
to LASIK procedures we were performing continued to
grow.

The microincisional nature of the procedure reso-
nates with patients’ predilections and with the general
trend of medicine heading toward minimally invasive
surgery. | consult with prospective patients the same
way | always have, the only exception being that | now
include SMILE on our treatment list. | make a clear
distinction between the facts and theoretical benefits
of this procedure and let the patient decide if the
treatment is right for him or her. Most of the time, my
patients choose SMILE.

ENHANCEMENTS WITH THE CIRCLE TECHNIQUE
Our enhancement rate for SMILE is roughly the same
as with LASIK. This is not reflective of the procedure
as much as it is patients’ visual progressions over time.
Visual needs change, and often patients require some
adjustment in their vision; there is also the natural pro-
gression of myopia that occurs in some patients. As a
surgeon continues to follow patients for 10 to 20 years,
he or she will find that these patients’ needs for
enhancement surgery rise. Therefore, a procedure that
is adjustable will be more likely to prevail. In my view,
LASIK owes its success to the fact that the results can
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be relatively easily modified and the patient can return
to work the next day.

With SMILE, however, enhancements are a bit dif-
ferent. Ideally, the touch-up surgery should leave the
eye in roughly the same condition as it was preopera-
tively—namely, flapless and only with a microincision.
The ideal enhancement procedure would create anoth-
er lenticule for extraction using the same entrance
wound and intrastromal pocket as the original surgery.
However, current technology cannot accurately identify
the original pocket in three-dimensional coordinates
in order for the femtosecond laser to create another
lenticule cut.

This necessitates the need to resort to the excimer
laser for enhancement. For this, the surgeon must either
make a flap in order to perform LASIK or perform a sur-
face treatment.

| consider either option as defeating the main advan-
tage of SMILE, which is an intact anterior stroma. With
that said, when an enhancement after SMILE is neces-
sary, | lean toward doing a flap-based procedure. ZEISS
has developed the CIRCLE program, which basically
turns the SMILE procedure into femtosecond LASIK.
We have done about 60 enhancements using this soft-
ware, and it has worked flawlessly. Hopefully CIRCLE is
an interim option for more elegant ways to enhance a
previous treatment with SMILE.

CONCLUSION

| believe that, after PRK and LASIK, SMILE is the 3" gen-
eration in laser vision correction. It will substitute for LASIK
as the refractive procedure of choice in mainstream refrac-
tive surgery sometime in the distant future, as it represents
a natural progression toward minimally invasive medicine.

This paradigm shift will take time, however, as LASIK
continues to produce great results and has an enormous
base of manufacturers of instruments and equipment.
There are hundreds of combinations of microkeratomes,
femtosecond lasers, and excimer lasers that a surgeon can
use to perform LASIK. In contrast, SMILE is performed
only with the VisuMax femtosecond laser. Inevitably, there
might be other lasers capable of performing refractive cuts
like the VisuMax and, therefore, the 3" generation in laser
vision correction SMILE. However, as of 2014, there seems
to be none on the horizon. m

Ekktet Chansue, MD, is the Medical
Director at TRSC International LASIK Eye
Center, in Bangkok, Thailand. Dr. Chansue
states that he has no financial interest in
the product or companu mentioned. He
may be reached at e-mail: echansue@gmail.com.

1. Barraquer JI. Queratoplastia Refractiva. Estudios e Informaciones. Oftalmologicas. 1949;2:10-30.
2. Barraquer JI. Modification of refraction by means of intracorneal inclusions. Int Ophthalmol Clin.
1966;6(1):53-78.
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Convincing Results With SMILE

The 3™ generation in laser vision correction is well established only 3 years

after market introduction.

BY OSAMA IBRAHIM, MD; AHMED EL-MASSRY, MD; AMR SAID, MD; MOONES ABDALLA, MD;

AND IBRAHIM OSAMA, MD

oday, two laser systems are commonly used in

LASIK: a femtosecond laser to fashion a corneal

flap and an excimer laser to perform the corneal
ablation.! More recently, however, refractive lenticule
extraction (SMILE; Carl Zeiss Meditec) was introduced
as a laser vision correction procedure that does not
require the use of an excimer laser.

OVERVIEW OF THE ADVANTAGES

SMILE is a minimally invasive, flapless procedure
that reduces surgical time and corneal biomechanical
changes? and avoids flap-related complications includ-
ing free caps, buttonholes, irregular cuts, wrinkled flaps,
striae, and diffuse lamellar keratitis (DLK).>“ It requires
a small sidecut incision, 3 to 4 mm wide, in the anterior
cornea. In addition to causing fewer biomechanical
changes than a 20- to 25-mm LASIK flap sidecut, the
cut required in SMILE produces less reduction of tri-
geminal nerve density and less severe postoperative dry
eye symptoms.

Another advantage of SMILE appears in patients
with high refractive errors. In conventional LASIK, the
higher the error the longer the ablation time; how-
ever, in SMILE, the time for lenticule creation is almost
consistent, regardless the preoperative refraction.®

TREATMENT AND PARAMETERS

We started using SMILE in 2010. Collectively, we
have performed this treatment in 1,100 patients, of
whom 120 (220 eyes) have completed 3-year follow-up.
Seventy participants are women and 50 are men; of
these, 89 are previous contact lens wearers. Their mean
age is 25 +4.5 years. Results of this study are described
in detail below.

In every case, we made a 90-um cap and 3-mm inci-
sion at 120°, through which the lenticule was removed.
The optical zone varied from 5.5 to 6.5 mm, according
to the patient’s corneal thickness and refractive error,
and the minimum extra lenticule thickness forming the
edge of the lenticule was 10 um.°

We used disposable treatment packs, sized in small
and medium, that consist of a curved contact glass and
a filter attached to the contact glass by a connecting
hose; we selected the smallest possible treatment pack
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Figure 1. Top: Pentacam comparison map of before and
after SMILE. Bottom: Pentacam map of a patient undergoing
SMILE.

to minimize intraoperative suction loss risk. The diam-
eter of suction was chosen to be slightly less than the
white-to-white (WTW) corneal diameter. For medium
treatment packs, the minimum recommended WTW
corneal diameter was 12 mm.

The procedure was done under topical anesthesia,
and both eyes were sterilized with bovidone iodine and
draped before initiating surgery. Careful placement and
inspection of the contact glass was carried out to ensure
proper centration. However, optical lenticule design is
forgiving for minor decentrations in this myopic cases.
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Figure 2. Mean spherical equivalent before surgery and 1
month, 6 months, 1 year, 2 years, and 3 years after surgery.

The VisuMax femtosecond laser (Carl Zeiss Meditec)
was used to create the lenticule and the incision. Upon
completion of both, the patient was released automati-
cally from the contact glass. The access incision was
opened and the lenticule was dissected using a spatula.
The lenticule was then removed using a special forceps.
Intraoperative suction loss due to patient movement
occurred in five patients who underwent surgery on the
same day, with the same technique.

Postoperatively, topical antibiotics (moxifloxacin),
steroids (prednisolone), and artificial tears were pre-
scribed every hour during the first day. Antibiotics and
steroid doses were titrated to every 4 hours for 7 days
only, and the use of artificial tears was continued every
4 hours for about 1 month.

RESULTS

Figure 1 shows Pentacam (Oculus Optikgerite) maps
of patients undergoing SMILE. The most important
outcomes were identified as improved mean spherical
equivalent and BCVA.

Spherical equivalent. Mean spherical equiva-
lent improved from -8.50 +1.50 D preoperatively to
-1.80 £0.40 D at 1 month, -1.20 £0.40 D at 1 year,

-1.30 £0.40 D at 2 years, and -1.30 £0.54 D at 3 years
(Figure 2).

BCVA. Mean BCVA improved from 0.70 +0.76 pre-
operatively to 0.90 +0.22 at 3 years postoperatively, and
mean UCVA was 0.8 +.43 at 3 years postoperatively.

Postoperative complications. At each follow-up visit
(1 week; 1 month; and 1, 2, and 3 years), all patients
were asked about dry eye symptoms and night vision
problems. Even though at the 1-week visit 100 patients
(83%) reported dry eye symptoms, the figure dropped
on subsequent visits. After 1 month, only 30 (25%)
reported problems with dry eye and, after 1 year, only
6 patients (0.5%) continued to have symptoms neces-
sitating the use of lubricating eye drops. At 1 week,

UPDATE ON SMILE

1 month, and 3 years, 60 (50%), 20 (16%), and two
(0.16%) patients, respectively, reported night vision
problems.

Postoperative pain due to epithelial erosion
occurred in three patients. Topical medications were
prescribed and a bandage contact lens was placed; in
all cases, the epithelial erosion cleared up within 3 days
of surgery. No postoperative infection, ectasia, DLK, or
epithelial ingrowth were reported in our cases.

CONCLUSION

SMILE is a safe, effective, and predictable refractive
procedure that has the potential to replace conven-
tional refractive surgery procedures such as LASIK.
The advantage is greatest in eyes with high refractive
errors. Additionally, we expect for more advances in
this flapless technique to emerge, giving us further
options for customized treatments and touch-up
procedures. |

Moones Abdalla, MD, is a cornea specialist at the
Roaya Center, Alexandria University, in Alexandria, Egypt.
Dr. Abdalla states that he has no financial interest in the
products or companies mentioned. He may be reached at
e-mail: moones_fathi@hotmail.com.

Ahmed El-Massry, MD, is a Professor of Ophthalmology
at Alexandria University, in Alexandria, Egypt.

Dr. El-Massry states that he has no financial interest
in the products or companies mentioned. He may be
reached at e-mail: ahmad.elmassry@gmail.com.

Osama Ibrahim, MD, is a Professor of Ophthalmology
at Alexandria University, in Alexandria, Egypt.

Dr. Ibrahim states that he is a consultant to Carl Zeiss
Meditec. He may be reached at e-mail:
ibrosama@gmail.com

Amr Said, MD, is an Assisant Lecturer of
Ophthalmology and a cornea fellow at Alexandria
University, in Alexandria, Egypt. Dr. Said states that he
has no financial interest in the products or companies
mentioned. He may be reached at e-mail:
docamro1@hotmail.com.

Ibrahim Osama is a cornea fellow at the Roaya Center,
in Alexandria, Egypt. Mr. Osama states that he has no
financial interest in the products or companies mentioned.
He may be reached at e-mail: ibrahim.osama@gmail.com.
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Biomechanical Effects of
LASIK Flaps and SMILE Caps

A virtual clinical study confirmed the hypothesis that a cap induces less central flattening

and leaves the cornea with greater biomechanical strength than a flap.

BY HARALD P. STUDER, PHD; AND CYNTHIA ). ROBERTS, PHD

ith about 700,000 procedures performed each
\/\/year in the United States alone, LASIK is the most

common refractive surgical procedure for the cor-
rection of myopia and hyperopia. Even though it is a well-
established procedure with a high success rate, it has several
disadvantages, and commonly listed side effects include
surgically induced dry eye and over- or undercorrection.
Additionally, postoperative biomechanical decompensa-
tion resulting in corneal ectasia can occur; however, this is
relatively rare.

The less-invasive, femtosecond—laser-based SMILE
solution (Carl Zeiss Meditec) may address some of these
issues. Its most apparent distinction from LASIK is that
tissue removal is no longer achieved via excimer laser abla-
tion, but rather dissection with the femtosecond laser.
The refractive lenticule, as it is called, is manually removed
through a small keyhole incision located anteriorly on the
cornea.

Because SMILE does not require a flap cut, it was
hypothesized that less central corneal flattening and
biomechanical weakening would be induced by the
procedure. In order to rigorously test these theoreti-
cal assumptions, we conducted a comparative in-silico
parametric study. Simulations and comparisons were
confined to the effects of the LASIK flap and the SMILE
cap only (ie, without tissue removal), as the LASIK abla-
tion and the lenticule extraction can be considered
biomechanically similar because they remove the same
amount of tissue. The comparison of stress pre- and
postoperatively is cleaner if the thickness has not
changed. In other words, the stress would be different
after surgery than it was before surgery, simply due to
the change in thickness.

The aim of our study was to show the difference in
stress with a SMILE cut compared with a LASIK flap,
without the added complexity of a change in thickness.

METHODS

This numerical study was designed to analyze the cor-
neal shape changes and biomechanical impacts of SMILE
and LASIK with respect to the following flap/cap param-
eters: diameter, depth, and length (flap hinge and cap
keyhole incision). The parameter combinations of three

Figure 1. Finite element models of a LASIK flap (A) and SMILE
cap (B). The models were cut in half for illustration purposes;
full 360° models were used in the simulation.

diameters (7, 8, and 9 mm), three depths (90, 120, and
180 um), and two hinge/incision lengths (3 mm and 90°
arc-length) lead to 18 simulations for the SMILE cap and
18 for the LASIK flap.

Numerical simulations were carried out using the finite
element method and a custom mathematical function
describing the mechanical behavior of human corneal
tissue. The function considered the tissues’ incompress-
ibility and nonlinearity, the fiber-induced anisotropy, and

10 SUPPLEMENT TO CATARACT & REFRACTIVE SURGERY TODAY EUROPE SEPTEMBER 2014



UPDATE ON SMILE

Cap
Fiap
PreOp

0 0.005 0.01 0.015 0.02 0.025
Equivalent Stress [MPa]

Figure 2. Comparison of stress distribution in the stromal bed
below the SMILE cap and LASIK flap. The cap cuts almost main-
tain the preoperative stress distribution (green), but the flap
cuts induce significant additional stress into the stromal bed
(purple).
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Figure 3. Surgically induced change in corneal shape (A) and
function (B) for LASIK flap and SMILE cuts. Except for some
higher values for induced astigmatism, the cap is more
neutral than the flap cut.

the inhomogeneity over the depth-profile. All 36 simula-
tion models were first prepared in the Optimeyes soft-
ware (Integrated Scientific Services) and then calculated
with the ABAQUS 6.11-3 finite element solver (Dassault
Systémes).

RESULTS

Sample finite element models for the flap and cap are
shown in Figure 1. Mean surgically induced central flat-
tening (central 4 mm diameter) for the LASIK flap and
SMILE cap simulations were -0.40 £0.35 D (standard devi-
ation; SD) and -0.15 £0.13 D (SD), respectively (Figure 2).

Surgically induced spherical aberration was in line with
central flattening, showing higher values for the flap simu-
lations (-0.127 +£0.08 um [SD]) than for the cap simula-
tions (-0.048 +0.02 um [SDJ; Figure 3). On the other hand,
the flap induced comparably low astigmatic changes
(0.06 +£0.04 D [SD]) and the cap simulations induced
0.31 £0.21 D (SD; Figure 3). However, when we analyzed

only the cap simulations with 3-mm keyhole incisions
(n=9), the mean induced astigmatism dropped to 0.16
10.06 D (SD). Shallower caps of 90 um also induced less
astigmatic change (0.19 +£0.10 D). Further, the flap simu-
lations induced greater total higher-order aberrations
(0.020 £0.014 um [SD]) than the cap simulations (0.009
+0.004 um [SD]), although both are quite low (Figure 3).

Biomechanical analysis showed the preoperative cen-
tral stroma with a stress of 12.6 kPa. Stresses increased to
13.3 £0.9 kPa (SD) after the cap cuts and to 16.2 £1.8 kPa
(SD) after the flap cuts. This corresponds to an increase
in stromal stress of 6% and 29% for SMILE cap and LASIK
flap, respectively.

DISCUSSION

The results of this numerical parametric study con-
firmed the initial hypothesis that the SMILE cap induces
considerably less central flattening and leaves the cornea
with greater biomechanical strength than the LASIK flap.
The small amounts of surgically induced astigmatism in
both procedures are likely clinically insignificant.

Generally it can be said that SMILE is biomechanically
a more stable procedure than LASIK, as it maintains the
integrity of the anterior cornea. As a result, SMILE may
have the potential for deep refractive surgical interven-
tions. ®

Cynthia J. Roberts, PhD, is Professor of
Ophthalmology and Biomedical Engineering
Department of Ophthalmology and Department
of Biomedical Engineering, The Ohio State
University, in Columbus, Ohio. Dr. Roberts states
that she is a consultant to Oculus Optikgerdte and Ziemer
Ophthalmic Systems and has received research funding
from Carl Zeiss Meditec and travel funds from Sooft Italia.
She may be reached at e-mail: roberts.8@osu.edu.

Harald P. Studer, PhD, is a Senior Software and
Biomedical Engineer at Integrated Scientific Services, in Port,
Switzerland. Professor Studer states that his employer has
a financial interest in finite element modeling. He may be
reached at e-mail: harald.studer@iss-ag.ch.

The authors would like to acknowledge that this work
was supported with a financial grant from Carl Zeiss
Meditec.
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Correction of Low Myopia

Is SMILE a good procedure for treating this common refractive error?

BY SRI GANESH, MBBS, MS, DNB

niques for correction of low myopia, and both

give patients excellent results. Although the newly
introduced SMILE technique for treatment of myopia
has been shown to be effective and stable for mod-
erate and high myopia, there is some trepidation in
treating low myopia with this technique. The various
reasons for concern are accuracy in creating, dissect-
ing, and handling a thin lenticule; tearing of a thin
lenticule during extraction; and whether the procedure
has the same wow factor and recovery as LASIK or
PRK. However, we treated a series of patients with low
myopia, and the outcomes were excellent stability and
patient comfort and satisfaction.

|_ASIK and surface ablation are the preferred tech-

STUDY

We prospectively studied 153 eyes of 82 patients
with low myopia (range, -0.75 to -3.00 D spherical
equivalent) and analyzed the visual and refractive out-
comes 3 months after SMILE. The mean age of patients
was 25.43 +3.20 years, and the mean preoperative
spherical equivalent was -1.98 £0.55 D. The surgical
technique was uniform, and every parameter except
the optical zone was fixed.

Using the VisuMax femtosecond laser (Carl Zeiss
Meditec), a refractive lenticule was created accord-
ing to the myopic error, with a SMILE cap thickness
of 100 um, optical zone varying from 6 to 6.5 mm,
and a superior 2-mm incision. Minimum residual bed
thickness was 280 um, and the minimum peripheral
thickness of the lenticule was 15 pm. Both planes of
the lenticule were dissected and removed manually,
followed by washing of the interface with balanced
saline solution.

Suction loss occurred in two eyes, of which one
was redocked and treated with SMILE and the other
required conversion to a flap-based procedure with
an excimer laser. Additionally, one eye had extension
of the incision (ie, cap tear) and two eyes had a small
peripheral lenticular tear due to dense peripheral
opaque bubble layer.

Postoperatively, all corneas were clear, with no sub-
conjunctival hemorrhage, haze, or interface problems.
Patients were comfortable and did not report any
significant visual symptoms. On day 1, 89.3% of eyes
had achieved 6/6 UCVA and 7.7% had better than 6/6,
which improved to 64.3% at the end of 3 months. Also
at 3 months, 98.8% of eyes had 6/6 or better BCVA and
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Figure 1. BCVA on postoperative day 1 and month 3.
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Figure 3. Pre- and postoperative (3 months) functional
acuity contrast sensitivity (P=.126).

only 1.2% had vision that was less than 6/6. No eye had
loss of BCVA postoperatively (Figure 1).

The residual refraction in 92% eyes was within +0.50 D
spherical equivalent and only 4.9% were in the range
of £0.50 to 0.75 D spherical equivalent (Figure 2). We
observed an initial and significant drop in the func-
tional acuity contrast sensitivity in all patients on
postoperative day 15 (P<.05), but all patients showed
improvement by 3 months (P=.126; Figure 3).

There was no significant difference in dry eye status
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Figure 7. The 3-month postoperative topography of the right (A) and left (B) eyes in the same patient in Figure 6.

pre- and postoperatively (Figure 4); however, there was
mild increase in higher-order aberrations at 3 months,
which was not significant (P<.05; Figure 5).

Figure 6 shows an example of a patient who under-
went SMILE for -2.25 D of myopia in the right eye and
-2.00 D in the left. Postoperatively, the patient had a
UCVA of 6/5 in both eyes (Figure 7).

CONCLUSION

The flapless SMILE procedure makes minimally invasive
refractive correction possible. It produces excellent visual
results, even in lower degrees of myopia (as low as -0.75 D
spherical equivalent), with excellent stability and patient

Figure 5. The presence of higher-order aberrations before
surgery and 3 months postoperatively.
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comfort and satisfaction. Although there was an initial
drop in contrast sensitivity, this improved by 3 months.

In my experiences, SMILE has the safety profile of PRK
and the comfort and wow factor of LASIK, and thus has
become my preferred choice to correct myopia and
myopic astigmatism. M

Sri Ganesh, MBBS, MS, DNB, is Chairman and Managing
Director, Nethradhama Super Speciality Eye Hospital,
Karnataka, India. Dr. Ganesh states that he has no finan-
cial interest in the products or companies mentioned. He
may be reached at tel: +91 80 2608 8000; fax: + 91 80
26633770; e-mail: chairman@nethradhama.org.
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Preserving Corneal
Neural Architecture

SMILE has good postoperative corneal sensitivity and can reduce the incidence and course

of postoperative ocular surface symptoms.

BY LEONARDO MASTROPASQUA, MD; AND MARIO NUBILE, MD

ry eye symptoms and
Drelated epitheliopathy
occur commonly after

traditional refractive surgery
techniques. The most reported
manifestation is ocular dry-
ness, which occurs in almost
40% of eyes treated with LASIK
and PRK, followed by nonspe-
cific ocular surface discomfort
and sharp pain when waking.
Changes in corneal shape, tear
film dynamics, and subepithelial
innervation after surgery may
play a role in the onset of ocular
discomfort, and impact of these
factors may be detrimental to
visual quality.?

It is well known that excimer—
laser-based procedures result
in sudden central corneal nerve
fiber damage. In LASIK, this is

Normal Nerve Plexus FS-LASIK

Smile

Figure 1. Stromal nerve fiber bundles run centripetally and toward the surface, perforating
the BL (A; spots indicated by yellow circles). Once the fibers penetrate the BL, the subbasal
nerve plexus is originated (perforating stromal fibers: central = red, paracentral = light
blue, and peripheral = green). In the absence of a full flap sidecut, as with SMILE, peripheral
nerve fibers are resected only where the 50° arc of the incision is placed (B; thick red line)
and if rising superficially to perforate the BL within the area of the created and extracted
refractive lenticule. The other fibers that had penetrated the BL outside the lenticule area
may run undisturbed as subbasal nerve plexus. (For simplicity, central subbasal surviving
fibers are not depicted in the central zone). During femtosecond LASIK, all fibers are cut
throughout the extension of the 300-310° degree of arc flap sidecut; moreover, all deeper
fibers are disrupted within the photoablation area (C).

related to the flap cut; in PRK,

the excimer photoablation of the stroma containing
nerve fibers. The wound-healing response (ie, time-to-
recovery and morphological appearance of the regener-
ated nerve plexus) in the central corneal subepithelial
nerves is only slightly different between LASIK and
similar flap-based procedures.? Regardless, postopera-
tive nerve density and morphology remain altered for
years after surgery, explaining some clinical conditions
of dryness and recurrent superficial epithelial punctate
erosions.

Corneal sensitivity follows a similar pattern by declin-
ing in the first 3 month and returning to normal val-
ues between 6 and 12 months after excimer-based
surgeries.*> LASIK retrieved worse results in terms of
corneal sensitivity, tear break-up time, Schirmer test
values, and corneal re-innervation than LASEK and PRK
at 6 months. The introduction of flap creation with the
femtosecond laser improved the reliability of LASIK by
setting up planar configuration of the flap cut geometry;®
nevertheless, corneal nerve plexus is severely damaged

for a long time, as flap creation implies the transection of
all nerve fibers at the lamellar border. Therefore, the pla-
nar configuration of thin-flap LASIK does not seem to be
associated with clinically significant advantages in terms
of induced neurotrophic epitheliopathy.

Femtosecond laser refractive surgery underwent a big
advancement with the introduction of SMILE (Carl Zeiss
Meditec). With this flapless procedure, corneal tissue
removal is achieved by creating a dissection lenticule and
a small incision from which it is extracted. Two dissec-
tion planes are produced: one to design the backside of
the lenticule and the other to create the anterior face,
which is enlarged to form a side pocket dissection plane
for later extraction maneuvers. The procedure does not
affect the superficial tissue, fashioning an intrastromal
disc that can be extracted through the small incision.

PRESERVE MORE NERVE FIBERS
The basis that explains the nerve fiber resection
induced by SMILE or other refractive surgical procedure
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Figure 2. Sidecut IVCM stack reconstruction: Femtosecond LASIK (A), SMILE peripheral lenticule edge (B), SMILE incision (C). The
top panel in Figure 2A shows resected fibers at the flap border 1 week after surgery; underlying panels show deeper stromal layers.

The top panel in Figure 2B shows the untouched superficial fibers; the bottom panel shows these running over the lenticule stromal

edge. The top panel in Figure 2C shows that the small incision represents a zone of superficial nerve fiber resection in the SMILE

technique.

relies in the understanding of the intracorneal dis-
tribution of the nerve fibers that give origin to the
subbasal nerve plexus. Corneal nerve anatomy was
recently revisited by Al-Aqaba and Dua, who demon-
strated that stromal nerves penetrate the Bowman
layer (BL) at different locations, mostly those situated
in the mid-peripheral zone, creating the subbasal
plexus.’

Figure 1A is a schematic illustrating the nerve fiber
pathway. It is reasonable to hypothesize that, when
a flap-based technique such a LASIK or femtosecond
LASIK (femto-LASIK) is performed, all nerve fibers that
run within the flap sidecut—the vast majority of the
fibers—are resected (Figure 1C). This hypothesis explains
the marked reduction of the central subbasal corneal
nerve plexus after LASIK. With SMILE, however, it is pre-
sumed that some fibers are resected due to the sidecut/
incision and because of the interruption of fibers perfo-
rating the Bowman zone inside the refractive lenticule
and cap area. Conversely, fibers that gained the super-
ficial subepithelial location after perforating the BL in
areas outside of the lenticule may run undisturbed over
the refractive zone, with the exception of the mentioned
peripheral incision (Figure 1B).

Evaluations of corneal innervation and corneal sensi-
tivity after ReLEx techniques have shown that corneal
sensitivity was significantly better after SMILE than after
LASIK,® and central subbasal nerve plexus morphology

is less affected by the SMILE procedure than it is by the
ReLEx FLEX technique.? Li et al'® also reported better
preservation of nerve morphology and density in eyes
treated with SMILE versus femto-LASIK.

REMARKABLE DIFFERENCES

We have observed remarkable differences between the
induced alterations and corneal nerve wound-healing
patterns of femto-LASIK and SMILE for similar myopic
corrections.

When studying the peripheral nerve fiber integrity
in the areas corresponding to the flap sidecut in LASIK
and the lenticule in SMILE with laser-scanning in vivo
confocal microscopy (IVCM), we noticed that all cen-
tripetally running fibers were resected by the presence
of a sidecut (Figure 2). In femto-LASIK, the fibers are
circumferentially interrupted throughout the extension
of the flap cut at the time of surgery. Additionally, abla-
tion of the central stroma may contribute to the dam-
age to deeper fibers (Figure 2A). With SMILE, peripheral
fibers were observed running centripetally and nonre-
sected in the area overlying the edge of the lenticular
lamella (Figure 2B). Similarly to LASIK, the fibers are
resected where the incision required of SMILE is placed
(Figure 2C).

Combined, the peripheral transection of the nerve
fibers and the use of a central ablation in LASIK explain
that, starting from 1 week postoperatively, central nerve
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Figure 3. In vivo confocal microscopy images of the central subbasal nerve plexus before and after femtosecond LASIK (top row) and
SMILE (bottom row). In each row, 1 =preoperative, 2 = 1 week; 3 = 1 month; 4 = 3 months; 5 = 6 months. Note that viable fibers are
visible at 1 week and 1 month after surgery in the SMILE group; partial recovery of nerve fiber density starts 3 months after LASIK.

fiber density is markedly reduced (up to 95% of the
preoperative values). Several months are generally neces-
sary to observe a partial recovery of the fiber density.
Conversely, in the SMILE technique, we found that the
reduction in nerve fiber density was significantly less than
in LASIK at each time point in follow-up. Additionally,
central re-nervation was faster than in LASIK and
approximately 30% of the central fibers were spared by
the procedure. Central nerve fibers were detectable at 1
week after SMILE (Figure 3), and a rapid gain of central
nerve fiber density was observed.

The main reason for the nerve-sparing characteristic
of SMILE may be due to the absence of a sidecut that
transects all edge-crossing fibers. The respect of superfi-
cial subbasal nerve plexus may play a role in maintaining
a partial corneal innervation in the early postoperative
period and may be also responsible for the rapid nerve
regrowth observed in the first months after surgery.
(Figure 3).

CONCLUSIOIN

All these findings suggest that SMILE better preserves
the corneal neural architecture and has greater post-
operative corneal sensitivity when compared with flap-
based techniques such as LASIK. This favorable condition
is likely to reduce the incidence and course of postopera-
tive ocular surface symptoms and dry—eye-related epi-
theliopathy in patients. m
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SMILE for Hyperopic Corrections

Early results show no signs of regression at 3 months postoperatively.

AN INTERVIEW WITH WALTER SEKUNDO, MD

n vivo findings in an animal model suggest that

surgical denervation after SMILE is significantly

less than after flap-based refractive surgery and,
therefore, is associated with quicker nerve regenera-
tion.” Also confirmed by several clinical studies”®
these results could mean better preservation of the
corneal neural architecture and reduced dry eye
symptoms in treated patients. This treatment has
also been shown to have a similar safety profile and
postoperative outcomes as LASIK.>3

A recent study of SMILE in patients with myopia
and myopic astigmatism showed promising treatment
outcomes at 1 year, with 88% of eyes that had a plano
target achieving distance UCVA of 20/20 or better,
a mean spherical equivalent of -0.19 £0.19 D, and
insignificant changes in mean refraction between 1
and 12 months (0.08 D) and in mesopic and photopic
contrast sensitivity.”

In the second phase of this research, Walter
Sekundo, MD, Marcus Blum, MD, and colleagues
are studying the use of lenticule extraction using
FLEX method for hyperopic corrections. Initial results
have confirmed the potential for further develop-
ment of previous solution of the flap-free solution
for refractive corrections other than myopia. In the
interview below, Professor Sekundo reviews the
3-month results.

Question No. 1: What is the design of the ReLEx
FLEX hyperopia study?

Answer: We first designed the study with a rather
simple hyperopic profile; however, the major problem
was that a substancial regression occurred over time.
Although 1-month results were good, by 3 months,
about 33% of patients showed signs of regression and,
by 6 months, about 50% of patients had regressed."
After consulting with the Carl Zeiss Meditec research
team, we asked them to develop profiles with a larger
transition zone, similar to the current treatment algo-
rithms of the MEL 80 and MEL 90 excimer lasers. We
then refined the study and used more sophisticated
hyperopic profiles. To date, nine eyes of five patients
have been treated with this new profile (Figure 1).

Unlike the first study, results have been much better,

and we investigators are confident that the early trend in
this study will carry on.

Question No. 2: How did you select patients for
enrollment?

Because the main goal of the study is hyperopia cor-
rection, we chose patients with little astigmatism (less
than 0.50 D) and treated the sphere only. The initial
five patients (nine eyes), on average, had 2.50 D of
hyperopia and were aged in their 50s; these patients
are ideal candidates, as they have mild hyperopia. We
over-corrected them up to 0.75 D to help compensate
for their presbyopia. Once we confirm that these eyes
perform well, the second stage will be to treat eyes with
hyperopia and astigmatism.

Question No. 3: What results have you seen thus
far?

Because regression can occur up to 6 months after a
hyperopic correction, the study will go up to 9 months.
At the moment, we have 1-week, 1-month, and 3-month
results in all nine eyes, 6-month results in eight eyes, and
9-months results in one eye, and we have not seen any sig-
nificant regression in the entire cohort (1 week, -0.70 D;

3 months -0.74 D; 6 months, -0.80 D). We are happy
because we expect that these results will continue with
the other eyes; however, 6-month results do not necessar-
ily reflect the final outcome, so we have to just wait and
see. Moreover, we also need time to analyze each individu-
al eye in order to improve our nomograms.

For the time being, we have absolutely stable results
and on average no change between 1 week and
3 months. This is unusual for hyperopia correction. It
is also important to mention that we did not have any
major complications or patient complaints.

Question No. 4: How do these results show the
potential for further development of the flap-free
technique that you are using?

Considering the hyperopic treatment, if we show a
decent follow-up at 9 months—that we can correct
hyperopia with virtually no or little regression—this may
mean that we can provide patients with stable, long-
term results. Moreover, once the profiles work well, we
will switch from ReLEx FLEX to SMILE, achieving other
advantages such as a reduced rate of postoperative dry
eye that occurs more often after hyperopic laser refrac-
tive surgery compared to the myopic treatment.
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Figure 1. Corneal topography of an eye after a 2.50 D hyperopic ReLEx FLEX treatment.

Note the perfect centration of the optical zone.

Question No. 5: Is SMILE gentler to the
corneal architecture than flap-based procedures?
Definitely for the treatment of myopia. Several pub-
lications from Turkey and China have shown that the
healing response is quicker after SMILE than it is after
LASIK and PRK, mainly because fewer nerves are cut
and there is less denervation and endothelial cell loss
with SMILE than there is with flap-based procedures.
This translates to better immediate postoperative com-
fort and a lower rate of neurotrophic dry eye syndrome
than with any other procedure. After 3 to 6 months,
there is no difference between procedures in terms of
comfort, because the corneal nerves have recovered.

Question No. 6: Assuming that 9-month results in
hyperopic patients are as good as you hope, what
is the next step of your study?

Our next two steps would be to: (1) treat patients
with hyperopic astigmatism and (2) increase the treat-
ment range.
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Department of Ophthalmology, Philipps University
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Femtosecond Laser Intrastromal
Lenticular Implantation

Hyperopic correction goes flapless: One surgeon’s approach to minimally invasive

hyperopic corrections.

BY SRI GANESH, MBBS, MS, DNB

evolution over the past few decades. With the intro-
duction of the VisuMax femtosecond laser (Carl

Zeiss Meditec) and the latest all-femtosecond, flapless
SMILE solution, it is now possible to correct myopia by
creating a refractive lenticule. SMILE, which is emerging as
the 3" generation in laser vision correction and a preferred
option for treating myopia and myopic astigmatism, is on
the verge of replacing LASIK, the current gold standard.

On the other hand, treatment of hyperopia is lagging,
with other generations of laser vision correction—LASIK
and PRK—Dbeing the available and acceptable options. We
as refractive surgeons are aware that results of LASIK for
hyperopia, especially for higher degrees, are not so gratify-
ing due to issues like regression, induction of aberrations,
and high rates of retreatments."” Some surgeons combine
hyperopic LASIK with corneal collagen crosslinking in an
attempt to improve biomechanical stability and prevent
regression.? Independent studies have shown this to be
effective in reducing regression; however, the presence of a
flap and its weakening effect on corneal biomechanics and
the induction of aberrations and postoperative dry eye are
issues that need to still be addressed.

—|_ he treatment of myopia has witnessed tremendous

A NEW APPROACH: CRYOPRESERVATION OF
CORNEAL LENTICULE

Presently, hyperopia treatment with lenticule extraction
is in the clinical trial phase and not yet commercially avail-
able. In the meantime, we have found a new application for
the VisuMax femtosecond laser, which can be safely and
successfully used for hyperopia correction. The technique
is called femtosecond laser intrastromal lenticular implanta-
tion (FILI). Its principle is based on Barraquer’s law of tissue
addition: If tissue subtraction can correct myopia, then an
equal amount of tissue addition should correct hyperopia.*

FILI is a new technique that corrects hyperopia by tis-
sue addition rather than tissue subtraction as in LASIK
and PRK. It involves insertion of a cryopreserved refractive
lenticule, matched for refractive error, into a pocket cre-
ated in the patient’s cornea with the VisuMax femtosecond
laser. Experimental research has shown that cryopreserva-
tion maintains the morphological details and viability of
lenticules extracted after SMILE.> Another study in rabbit

Posteriot

eyes showed it is also possible to restore corneal volume

at a later date by reimplanting a lenticule.® These results
inspired us and also Dr. Kishore and his group’ to preserve
the extracted lenticules and find their suitable application in
humans, one of which could be hyperopia correction.

We collected lenticules from healthy patients undergoing
myopic correction with SMILE (cap thickness of 100 um,
optical zone from 6 to 6.8 um, and a 2-mm superior incision)
at our center after obtaining ethics committee approval and
the informed consent of the patients as well as testing their
serum for transmissible infections. After extraction, lenticules
were subjected to a modified tissue technique in a cryobank
followed by preservation in liquid nitrogen at -192° C.

PROCEDURE

Preoperative planning included detailed anterior and
posterior examination, cycloplegic refraction and maxi-
mum subjective acceptance, corneal topography with
the Orbscan (Bausch + Lomb) and Cirrus OCT (Carl Zeiss
Meditec), specular microscopy, and dry eye assessment.
The cryopreserved lenticule, matched with the hyperopic
error of the patient undergoing FILI, was thawed manu-
ally and washed in balanced saline solution to remove the
cryoprotectant agents before implantation.

Using the VisuMax femtosecond laser, a pocket was
created in the cornea at a depth of 160 pm and a diam-
eter varying from 7 to 7.8 um, depending on the opti-
cal zone of the cryopreserved tissue. The lenticule was
marked in center and inserted into the patient’s cornea
through a 4-mm superior incision. After insertion, the
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TABLE 1. EXAMPLE OF PRE- AND POSTOPERATIVE DATA

Patient/Eye | BCVA Spherical Mean Central Qvalue | Endothelial cell Schirmer test
equivalent keratometry thickness density (mm)
(D) (D) (pm) (cells/mm?)
Preoperative | 6/18 6.50 41.60 519 -0.39 2,892 > 25
6-month 6/12 0.50 45.50 581 -0.83 2,883 > 25
postoperative

center of the lenticule was spread out and aligned with
the patient’s pupillary center. Postoperatively, topical ste-
roids were prescribed in tapering dosage for 3 months.

plications, fewer dry eye symptoms, minimal chance of
rejection, and reversibility are also potential advantages
of this procedure.

Our initial experience with six eyes has shown the proce-

dure to be safe, with good refrac-
tive predictability. There was no
rejection or adverse reactions by
the end of 6 months.

CASE PRESENTATION

A 32-year-old woman underwent
FILI in her right eye for 6.50 D of
hyperopia (Figure 1). Her preopera-
tive and 6-month postoperative
data is summarized in Table 1. A
clear and well-centered lenticule
was visible at 6 months postopera-
tively (Figures 2 and 3). Note the
normal epithelial thickness profile
on anterior segment optical coher-
ence tomography (AS-OCT). On
topography, 1.00 D of against-the-
rule astigmatism is seen (Figure 4),
due to the superior 4-mm incision;
however, it settled over time.

It is interesting to note that
the postoperative Q value for
the 6.50 D correction was -0.83,
suggesting slight change toward
a hyperprolate shape, unlike
hyperopic LASIK which makes
the cornea highly hyperprolate.
With this treatment, typical
Q values exceed -1.5 to -2 for
the same degree of correction.
This change in corneal shape to
abnormal hyperprolate is due to
the ablation of mid-peripheral
tissue, which is the main cause
for regression and higher-order
aberrations after hyperopic LASIK.
FILI nearly maintains the natural
shape of cornea, thus minimiz-
ing chances of regression. Faster
healing and visual recovery, the
avoidance of flap-related com-

Figure 2. Six-month postoperative clinical
picture showing the edge of lenticule (arrow) on
retroillumination.
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Figure 3. Six-month postoperative anterior
segment OCT (top) showing a well-centered
lenticule with a clear interface and normal

epithelial thickness profile. Pachymetry (bottom
left) and epithelial (bottom right) maps.

Figure 4. Six-month postoperative topography.
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CONCLUSION

It is too early to say that FILI
can replace LASIK for hyperopia
treatment, as longer follow-up
and modification in surgical
technique to reduce induced
astigmatism are required and
nomograms must be developed
to achieve the most accurate
results. Nevertheless, the novelty
of this flapless procedure and
its potential advantages may
prompt further research before
it is accepted as a valid treat-
ment option for hyperopia. B

Sri Ganesh, MBBS, MS, DNB,
is Chairman and Managing
Director, Nethradhama
Super Speciality Eye Hospital,
Karnataka, India. Dr. Ganesh
states that he has no financial
interest in the products or com-
panies mentioned. He may be
reached at tel: +97 80 2608 8000;

fax: +91 80 2663 3770; e-mail:
chairman@nethradhama.org.

1. Jaycock PD, O'Brart DP, Rajan MS, Marshall J. 5- year follow up of
LASKK for hyperapia. Ophthalmology. 2005,112(2):191-199.

2. LlorenteL, Barbero S, Merayo J, Marcos S. Total and coneal
aberations by laserin situ keratomileusis for hyperopia. / Refract Surg.
2004:20(3):203-216.

3. Kanellopoulos AJ, Kahn J. Topography-guided hyperopic LASIK with
and without high irradiance collagen cross-linking: Initial comparative
dlinical findings in a contralateral eye study of 34 consecutive patients.
JRefract Surg. 2012;28:5837-5840.

4. Barraquer J| Refractive comeal surgery. Experience and consider-
ations. An Inst Barraquer. 1993-94:24:113-118.

5. Mohamed-Noriega K, Toh KP, Poh R. Comea lenticule viability and
structural integrity after refractive lenticule extraction (ReLEx) and
cryopreservation. Molecular Vision. 2011;17:3437-3449.

6. Angunawela R, Riau AK, Chaurasia SS. Refractive lenticule
re-implantation after myopic ReL Ex: A feasibility study of stromal
restoration after refractive surgery in a rabbit model. invest Ophthalmol
Vis Sci. 2012,53:4975-4985.

7. Pradhan KR, Reinstein DZ, Carp Gl, et al. Femtosecond laser-assisted
keyhole endokeratophakia: correction of hyperopia by implantation
ofan allogeneic lenticule obtained by SMILE from a myopic donor. /
Refract Surg. 2013,29(11):777-782.

EN_34_021_003!



